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SECTION I

CHAIN OF CUSTODY
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601 Searboro Road
Oak Ridga, TH 37830
{865{)&3!-&683 Phone - (B65) 4834621 Fax

Chain of Custody Record Ne

Y EBERLINE
RAVICGES

Projoct Name:Len Loke Moe. Svormesedtr | Projoct Humber: 57y ‘2;':‘ i
- - H ¥ I
| Send Repont To: pwt ROJo-Jw _EmST zamzller {itm: :ame} CI" ] ) EFé 3? jf (ﬁ Page °_of
Address: ampler (Print Nama): $ -3 "
Somoee o ¢/ sp 8 RECD MAR 18 2016
ipment Méthed: Cgur‘t p & § ‘g- 6
! . >
Airbilf Number: 2/ 0/ & 10-031 02
. N.\/'} ,{? ~ S Purchase
Phone: Laboratary Receiving: é f n Order #
Fax: 3 &
5 1) : ST
! ' Sample ample Sample | Number of = ammaents, Special Lab Sample 1D
Field Sample 10 Dai%! nm"l Matde | Containers | ~N Instmeﬁons.?:lc. (mbmmpsamp by tab)
Cedimens 20V -03- 168 1 [Shelye [138S [Sen | 4 [N IRI%
| Sedimeat 2010-03- 168 5 [3lilto | 1355 S0 | 4 INI%IK
O domtnt ZoVo-03-168 D00  Bivelte | 1355 | So.) 4 IR PA
.
E’ﬁﬁl{ “Hetinquished by: (Signature) Recaived by: (Signature) Date: ime: | Sample Custodian Remarks (Completed By Laboratory): _
ly[l%} L s+ C\ﬁ oo Cow.‘\e - 3Jf3h b | Hew QANQC Level Tumaround | . Sam;‘ola Receipt
A Relingufshid by: {Signature) Recaived by: (Gignature} Date: Time: {& Total 8 Containers Received? -
sl ' tevet 1 OO | HRoutine COG Seals Present?
X -~ 27 N N 3
11 -/ : - : ABcong,! f /(///(é )?/%W Levet Il (1 | 24How 0O [ COC Seals intact?
Halimquished by: (Signature) Heceived Dy: {(Signature} Date: Time. tevel B 00 S Wesk O v Corta = act?
Other  [1 | Other Temperatura’ i




‘1&'. Inte rna| Work Order # D -1 U
EBERLINE Chain of Lab Deadline 4/12/2016
SERVICES

Oak Ridge Laboratory Analysis UUISO - Level 4

C U Sto d y Sample Matrix Soil/Solid
Samp! HP 210 / 270 Stor
Comments Fraa:.tl;o?'l Defector Activity Loza:ii?'l

04 36 Kl.4

05 38 Ki.4

06 34 K1.4

REPORT ON DRY WEIGHT BASIS
. Location (circle one) Initials Date

A .
Received by Sample Storage éw Prep Separations Gount Room O 10® " ng (et ‘5 12 ~(%

Relinquished by Sample Storage @ Prep Separations Count Room 68*[0 y 9% 323 )(a
]

Received by Sample Storage Rough Prep C_‘_pg Separations Count Room

Relinquished by Sample Storage Rough Pre;ﬂep) Separatiens Count Room

.
Received by Sample Storage Rough Prs(v Prep Separations Count Room M" -{ :
Cepaators ™ Sel A )
\ )
Relinquished by Sample Storage Rough Prep ™ prop < Separations Count Room W/bﬂ Q/V,&J M

S

Recelved by . Sample Storage Rough Prep Prep Separations /‘C/W ﬁ%yy ao |~
49—*
[

Relinquished by Sample Storage Rough Prep Prep Separations @ w \-{ // 7
1/¢(p AR

Received by Sanl(?c;a@ Rough Prep Prep Separétions Count Reom

N
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Blorage Rough Prep Prep Separations Count Room
Relinguished by Sample Storage Rough Prep Frep Separations Count Room
Received by Sample Storage Rough Prep Prep Separaticns Count Room
B Relinquished by Sample Storage Rough Frep -‘;rep Separations Count Room

Printed: 31‘22!'2016 1023 AM
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Internal

Work Order #

16-03102

EBERLINE . Lab Deadline 4/12/2016
Strvices Chain of
& : Analysis ThISO - Level 4
Oak Ridge Laboratory Custod
Y Sample Matrix SolliSoid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 35 K1.4
05 38 Ki.4
06 34 K1.4
REPORT ON DRY WEIGHT BASIS
Location (circle one) Initials Date
r
Received by Sample Storage Rough Prep Prep Separations Count Room qu % 3_ ) 1 _\ (’
Relinquished by Sample Storage éugmp Prep Separations Count Room & {7/ (J -
e M wo 13230k
Received by Sample Storage Rough Prep Separations Count Room
Relinquished by Sampte Storage Rough Prep (P Separations Count Roomn
Received by Sample Sterage Rough Prep \@”‘( Separationb Count Room
Relinquished by Sample Sterage Rough Prep Prep @a&ion? Count Room
Recelved by Sample Storage Rough Prep Prep Separations W
Relinquished by Sample Storage Rough Prep Prep Separations
Received by Sa@ Rough Frep Prep Separations Count Room
iy
Relinquished by Sample Storage Rough Prep Prep Separations Count Reom
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Recelved by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sarmple Storage Rough Prep Prep Separations Count Room

Printed; 3/22/20
P o o

=,

£
=

16 10:23 AM
aints &
-

i

o e L




Inte rna' Work Order #
EBERLINE . Lab Deadline 4/12/2016
Strvices Chain of = =y
. Analysis amma - ve
Oak Ridge Laboratory C tod Y a-le
us Y Sample Matrix SoiiiSolid
Sample HP 210 / 270 Storage
comments Fraction Petector Activity Location
o4 36 Ki1.4
05 38 K1.4
06 34 Kl.4
21 day ingrowth — Report Ac228, Bi214, K40, Pa231,
Pb210/212/214, Ra226 from Bi214, Ra228 from Ac228,T1208 &\
Th234.
REPORT ON DRY WEIGHT BASIS
Location {circle one) Initials Date
Received by Ul ‘\\ Prep Separations Count Room @‘L@Q‘ M S r ?~11%
'A\i am . -
Relinquished by Sample Sterage Gmgh Prep Prep Separations Count Room f?,'}s - } - ng ! q’
e k M St -
Received by Sample Storage Rough Prep Prep Separations Cu@ I(fb 3 ‘ )2 1
: b _I2M@
Relinquished by Sample Storage Rough Prep Prep Separations -/@ / 3 /[ ’g
i V> 31 i
Recelved by S@ge Rough Prep Prep Separaticns Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Gount Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Roem
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separalions Count Reom
H




SECTION I

SAMPLE ACKNOWLEDGEMENT
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Ciient Name Contract/PO ' Project Type Date Received Required Turnaround Days Eberline Services Work Order
Auxier & Associates, Inc. WESTLAKE NCC% Environmental O3I21 12016 28 , 16-031 02
Project Name Client WO Sample Disp Lab Deadline Internal Deadline ent Deadline
WESTLAKE NCC westue stowmwat=n  H 04/12/2016 04/15/2016 04/18/2016
Internal 1D Client 1D Sample Date | Matrix Storage | g g 8 =
S|E|3 -
01 Lcs 03/22/36 S0 K1.4 X|xlx 3
02 BLANK 03/22/16 S0 Ki.4 X[ x]|X 3
03 DUP 03/22/16 50 K1.4 X{X|X 3
04 SEDIMENT 2016-03-16A 031161161335 | SO K1.4 X{X|X 3
05 SEDIMENT 2016-03-168 03/16/1613:55 | SO Ki.4 XXX 3
06 SEDIMENT 2016-03-16B DUP| o161613:55 | 50 Ki.4 X|X{X 3
[
0
0
o
o
0
0
0
]
1]
0
0
o
0
Totals Per Analysis (non QA samples) 3/3 3|0 o0|a 0jo o|0 ¢lo o|0 o0o|0o |0 0|0 ©j0 0 0
e Invoice Accounts Payable Report Data Paul Rosasco P.E.
Auier & Assodiates, nc. Eng. Managerent Support, Inc.
QOak Ridge Laboratory 9821 Cogdill Drive #1 7220 West Jefferson Ave, Stile 406
- 601 Scarboro Rd. Knoxville, TN 37632 Lakewood, CO 60235
s Qak Ridge, TN 37830
i Voice 8656753669 Vokce 303-940-3426
&5 ~ Sample Log In Report | Voice: (865) 481-0683 Fox_ |sesersaery Fox
et Fax: (865) 4834621 Contact  |Cecilia Greens
gE; Wolce B855-675-3669
! Fax 865-675-3677

Printed: 3/22/2016 10:23 AM



EBERLINE STANDARD OPERATING PROCEDURE MP-001, Rev. 15

&)
SERVICES . Effective: 2/2/15
4 Sample Receiving . Page 130f 15

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST

MP-001-2
, - & )
WORK ORDER # 16 0 3 : %2
SAMPLE MATRDUMATRICES: {CIRCLE ONE OR BOTH)
AQUEOUS ON-AQUEOUS
(CIRCLE EITHER YES, NO, OR N/A)
_ WERE SAMPLES:
Received in good condition? (3’? N
If aqueous, properly preserved Y N @
7
WERE CHAIN OF CUSTODY SEALS:
} Present on outside of package? @ N
,‘; Unbroken on outside of package? @ N
=
Present on samples? @ N
Unbroken on samples? @ N
Was chain of cUstody present upon sample receipt? (Y) N
Nt

IF THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE: g DATE: 3-15 ¢

Copy No. Radiochemisfry Services
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CASE NARRATIVE




EBERLINE ANALYTICAL CORPORATION

601 SCARBORO RoAD

FEFBERLINE OAK RIDGE, TENNESSEE 37830
SERVICES PHONE (865) 48I-0683

FAx (B65) 483-462i

EBS-OR-40649
April 28, 2016

Cecilia Greene

Auxier & Associates, Inc.
9821 Cogdill Road #1
Knoxville, TN 37932

CASE NARRATIVE
Work Order # 16-03102-OR

SAMPLE RECEIPT

This work order contains three sediment samples received 03/18/2016. These samples were analyzed for
Isotopic Uranium, Isotopic Thorium and Gamma Spectroscopy.

CLIENT ID LAB ID
SEDIMENT 2016-03-16A 16-03102-04
SEDIMENT 2016-03-16B 16-03102-05

SEDIMENT 2016-03-16B DUP  16-03102-06

ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Modified. Isotopic Thorium was analyzed
using Method EML Th-01 Modified. Gamma Spectroscopy was analyzed using Method LANL ER-130
Modified.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.

Minimum Detectable Activity (MDA} values for data represented in this report are sample-specific. MDA
measurements are determined based on factors and conditions including instrument settings, aliquot size
and matrix type.

SPECIAL CIRCUMSTANCES

Results are reported on a “dry” weight basis.

ISOTOPIC URANIUM

Samples were prepared by removing representative aliquots from each sample followed by mixed acid
digestions as appropriate. Uranium was selectively extracted by ion exchange. Uranium was cluted,
micro-precipitated and mounted on micro-porous filter media. Sample activities were then determined by
alpha spectroscopy using energy specific regions of interest for Uranium-234, Uranium-235 and
Uranium-238. Chemical recovery was determined by the use of a Uranium-232 tracer. Activity of the
Uranium-232 tracer was determined by alpha spectroscopy using an energy specific region of interest.

Page 1 of 3
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM CONTINUED

Samples demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for
all samples. The Uranium-234, Uranium-235 and Uranium-238 method blank demonstrated acceptable
resulis. Results for the Uranium-234 and Uranium-238 duplicate demonstrated an acceptable relative
percent difference and normalized difference. Results for the Uranium-235 duplicate demonstrated a high
relative percent difference; however, normalized difference is within acceptable limits for the analytical
technique. Results for the Uranium-234 and Uranium-238 laboratory control sample demonstrated an
acceptable percent recovery.

ISQTOPIC THORIUM

Samples were prepared by removing representative aliquots from each sample followed by mixed acid
digestions as appropriate, Thorium was selectively extracted by ion exchange. Thorium was eluted,
micro-precipitated and mounted on micro-porous filter media. Sample activities were then determined by
alpha spectroscopy using energy specific regions of interest for Thorium-227, Thorium-228, Thorium-230
and Thorium-232. Chemical recovery was determined by the use of a Thorium-229 tracer. Activity of the
Thorium-229 tracer was determined by alpha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Thorium analyses. Actinium-227 results were reporied
from Thorium-227 assuming secular equilibrium. Chemical recovery was acceptable for all samples. The
Thorium-227, Thorium-228, Therium-230 and Thorium-232 method blank demonstrated acceptable
results. Results for the Thorium-228 and Thorium-232 duplicate demonstrated a high relative percent
difference; however, normalized difference is within acceptable limits for the analytical technique.
Results for the Thorium-230 duplicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Thorium-228, Thorium-230 and Thorium-232 laboratory control
sample demonstrated an acceptable percent recovery.

GAMMA SPECTROSCOPY

Samples were dried, homogenized and placed into appropriate gamma spectroscopy geometry containers.
Samples were then sealed for 21 days to allow for ingrowth of Radon-222 and progeny. Samples were
counted on High Purity Germanium (HPGe) gamma ray detectors. Energy lines from Lead-214 and
Bismuth-214 were analyzed for determinations of Radium-226 activity.

Samples demonstrated acceptable results for all gamma-emitting radionuclides as reported. The method
blank demonstrated acceptable results for all radionuclides as reported. Results for the Bismuth-214,
Potassium-40 and Lead-214 replicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Cobalt-60 and Cesium-137 laboratory control sample demonstrated
an acceptable percent recovery.

Page 2 of 3




CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been anthorized by the cognizant project manager or his/her
designee to be agcurate as verified by the following signature.

M.R. McDougall
Laboratory Manag

Date: 4/28/2016

Eberline Analylical wants and encourages vour feedback regarding our performance providing radivanalytical services. Please
visit http://www.eberlineservices.com/client.him to provide us with feedback on our services.

Page 3 of 3
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SECTION IV

ANALYTICAL RESULTS SUMMARY
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Printed: 4/28/2016 8:58 AM Page 1 of 4
Report To: Work Order Details:
Eberline Analytical Cecilia Greene spe:|  16-03102
. i Auxier & Associates, Inc. Purchase Order: WESTLAKE NCC
Final Report of Analysis 9821 Cogdill Road, Suite 1 Analysis Category:| _ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: SO
l‘l‘:)h Si;"p'ﬂe C';;"t S;?t‘:e Rg’:;"t A'E;‘;: s BTS’" Analyte Mathod Result | €U csu MDA oV Fﬁ’;::
16-03102-01 LCs KNOWN 03/22/16 00:00 . 3/21/2016 | 4/11/2016 | 16-03102 Cobati-60 LANL ER-130 Modified 1.37E+02 | 5.4BE+00 pCifg
16-03102-01 LCS KNOWN Q3122116 00.0C 3/21/2016 | 4/11/2016 | 16-03102 Cesium-137 LANL ER-130 Mcdified 8.69E+01 | 3.48E+00 pCifg
16-03102-01 LCS SPIKE 03/22/18 00:00 312112016 | 41172016 | 16-03102 Caobalt-60 LLANL ER-130 Modified 1.38E+02 | 7.79E+00 | 1.05E+01} 7.44E-01 | 5.62E-01 pCifg
16-03102-01 LCS SPIKE 03/22/16 00:00 3/21/2016 | 4/11/2016 | 16-03102 Cesium-137 LANL ER-130 Modified 8 88E+01 | 7.27E+D0 | 8.58E+001 9.37E-01 | 4.64E-01 pCifg
16-03102-02 MBL BLANK 03/22/16 00:00 3/21/2016 | 41132016 | 16-03102 Actinium-228 LANL ER-130 Madified 8.69E.02 | 7.85E-02 | 7.86E-02 | 1.64E-01 | 7.23E-02 pCifg
16-03102-02 MBL BLANK Q3722116 00:00 32172016 | 4/13/2016 | 1603102 Bismuth-214 LANL ER-130 Modified 6. 16E-04 4.64E-02 | 464E-02 | 7.39E-02 | 3.28E-02 pCifg
18-03102-02 MBL BLANK 03/22/16 00:00 324/2016 1 41372016 ) 1603102 Potassium-40 LANL ER-130 Modified _3.82E-01| 3.60E-01 | 3.61E-01 | 3.28E-01 | 1.27E-01 pCilg
16-03102-02 MBL BLANK 03/22/16 00:00 32112016 | 441372046 | 16-03102 | Protactinium-231 LANL ER-130 Modified 4.98E-02 | 7.34E-01 | 7.34E-01 | 1.15E+00 | 5.29E-01 pCiflg
16-03102-02 MBL BLANK 03/22/16 00:00 3/21/2016 | 4{13/2016 | 16-03102 Lead-21C LANL ER-130 Modified 4.54E-01 | 4.95E-01 | 4.95E-01 § 7.39E-01 | 3.49E-01 pCilg
16-03102-02 MBL BLANK 43/22/16 00:00 3/21/2016 | 4/13/2016 | 16-03102 Lead-212 LANL ER-130 Modified 3.90E-02 | 3.50E-02 | 3.50E-02 | B,07E-02 | 2.84E-02 pCilg
16-03102-02 MBL BLANK 03/22/16 00:00 3/21/2016 | 4/13/2016 | 16-03102 Lead-214 LANL ER-130 Modified 1.31E-02 | 5.08E-02 | 5.06E-02 | 7.74E-02 | 3.55E-02 pCifg
16-03102-02 MBL BLANK {3/22116 G0:00 3/2112016 | 4/13/2016 | 16-03102 Radium-226 LANL ER-130 Modified -6.16E-04 | 4.84E-02 | 464E-02 | 7.39E-02 | 3.25E-02 pCilg’
16-03102-02 MBL BLANK 03/22{16 00:00 3/21/2016 | 41372016 | 16-03102 Radium-228 LANL ER-130 Mcdified 8.69E-02 | 7.85E-02 | 7.BBE-02 | 1.64E-01 | ¥.23E-02 pCilg
16-03102-02 MBL BLANK 03/2216 Q0:00 3721/2016 | 4/13/2016 | 16-03102 Thorium-234 LANL ER-130 Modified 4.32E-01 | 4.28E-01 | 4.286-01 | 5.89E-01 | 2.79E-01 pCilg
16-03102-02 MBL BLANK 03/22/16 00:00 3/24/2016 | 4/13/2016 | 16-03102 Thallium-208 LANL ER-130 Modified 3.99E-07 | 5.67E-02 | 5.67E-02 1 1.07E-01 | 4.74E-02 pCiig
16-03102-03 nupP SEDIMENT 2016-03-16A Q03/16/16 13:35 3/21/2016 | 4/13/2018 | 16-03102 Actinium-228 LANL ER-130 Modified 9.79E-01 § 3.27E-01 1 3.31E-01 | 5.59E-01 | 2.62E-01 pCifg
16-03102-03 DUP SEDIMENT 2016-03-16A 03/16/16 13:35 312412016 | 4/13/2016 { 1603102 Bismuth-214 LAML ER-130 Modified 1.86E+00 | 2.34E-01 | 2.53E-01 | 3.73E-01 { 1.79E-01 pCilg
16-03102-03 DUP SEDIMENT 2016-03-16A 03/16/16 13:35 32142016 | 411372016 | 16-03102 Potassium-40 LANL ER-130 Modiied 1.69E+01 | 2.40E+00 | 2.55E+00 | 1.52E+00 | 6.96E-01 pCifg
16-03102-03 DuUP SEDIMENT 2016-03-16A 03/16/16 13:35 3/21/2016 | 4/13/2016 | 16-03102 | Protactinium-231 LANL ER-130 Modified 9.51E-01 | 2.47E+00 | 2.17E+00 | 3.74E+00 | 1.79E+00 pCiig
16-03102-03 DUP SEDIMENT 2016-03-16A 0318716 13:35 3/21/20186 | 4/13/2016 | 16-03102 Lead-210 LANL ER-130 Modified 4.78E+00 | 1.B0E+00 | 1.82E+00 | 2.74E+00] 1.34E+00 pCilg
16-03102-03 DuUP SEDIMENT 2018-03-16A 03/16/16 13:3% 3/21/2016 | 413/2016 | 16-03102 Lead-212 LANL ER-130 Modified 1.35E+00 1 1.80E-01 | 1.93E-01 | 3.11E-01 | 1.52E-01 pGifg
16-03102-03 DUP SEDIMENT 2016-03-16A 03/16/16 13:35 3/21/2016 § 4/13/2016 | 16-03102 Lead-214 LANL. ER-130 Modified 1.81E+0D0 | 2.41E-01 | 2.68E-01 | 2,92E-01 i 1.41E-01 pCilg
16-03102-03 DuUP SEDIMENT 2016-03-16A 03/M16/16 13:35 3/21/2016 | 4/13/2016 | 16-03102 Radium-226 LANL ER-130 Mcdified 1.86E+00 | 2.34E-01 | 2.53E-01 | 3.73E-01 | 1.79E-01 pCilg
16-03102-03 DUF SEDIMENT 2016-03-16A 03/16/16 13:35 3/21/2016 | 4/13/2016 | 16-03102 Radium-228 LANL ER-130 Modified 9.79E-01 | 3.27E-01 | 3.31E-01 | 5.59E-01 | 2.62E-01 pCifg
16-03402-03 DUP SEDIMENT 2016-03-16A 03/16/16 13:35 3/21/2016 | 4{13/2016 | 16-03102 Thorium-234 LANL ER-130 Modified 2 18E+00 | 1.80E+00 | 1.80E+00 | 2.98E+00 | 1.46E+00 pCilg
16-03102-03 ouUP SEDIMENT 2016-03-16A 03/16/16 13:35 3212016 | 4M32016 | 16-03102 Thalium-208 LANL ER-130 Modified 1.06E+00 | 1.92E-01 | 1.99E-01 | 5.65E-02 | 1.79E-01 pCilg

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma);MD.
CV=Critical Value

EBERLINE

A=Minimal Detected Activity;L.CS=Laboratory Contro! Sample; MBL=8lank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original;

EBERLINE ANALYTICAL CORPORATION

SERVICES

| 601 ScarBORO ROAD OAK RiDGE, TN 37830

865/481-0683 Fax 865/483-462I
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Printed: 4/28/2016 8:58 AM Page 2 of 4
Report To:. Work Order Details:
Eberline Analytical Cecilia Greene SDG: 16-03102
. . Auxier & Associates, Inc. Purchase Order: WESTLAKE NCC
Final Report of Analysis 9821 Cogdill Road, Suite 1 Analysis Category . ENVIRONMENTAL
Knoxville, TN 37932 Sample Malrix: S0

"1an S:;‘p‘ﬂe C’;g"t Sg’:t"e]e R‘[ﬁ;"t A“;;{:'S B‘i‘g‘h Anaiyte Method Result | CU csu MDA cv lei’i‘t’:
16-03102-04 DO SEDIMENT 2016-03-16A S36/16 1335 | 32112076 | 41372016 | 16-05102 | Acimum228 | LANL ER-330 Modified | 1.30E+00 | 2.92€-01 | 3.00E-01 | 570E-01 | 268E-01 | pCilg
16-03102-04 DO SEDIMENT 2018-03-16A 03M16/16 13:35 3/21/2016 | 4/13/2016 i 16-03102 Bismuth-214 LANL ER-130 Mcdified 1.70E+00 ! 2.29E-01 | 2.45E-01 | 1.01E-01 | 1.11E-0% pCifg
16-03102-04 DO SEDIMENT 2016-03-16A 03/16/16 13:35 312112016 1 4/13/2016 | 16-03102 Potassium-40 LANL ER-130 Modified 1 59E+01 | 2.22E+00 | 2.36E+00 | 1.00E+00 | 4.36E-01 pCiig
16-03102-04 Do SEDIMENT 20316-03-16A 03/16/116 13:35 3/21/2016 | 4/13/2016 | 18-03102 | Profactinium-231 LANL ER-130 Modified 5.84E-01 | 1.00E+00 | 1.00E+00 | 3.94E+00 | 1.89E+G0 pCifg
16-03102-04 oo SEDIMENT 2016-03-16A 03/16/16 13:35 3/21/2016 | 4/13/2016 | 16-03102 tead-210 LANL ER-130 Modified 3 32E+00 | 2.14E+00 | 2.15E+00} 3.49E+0C | 1.71E+00 pCifg
16-03102-04 DO SEDIMENT 2016-03-16A D3/16116 1335 | 3i21/2016 | 4113/2016 | 16-03102 Lead-212 [ANL ER-190 Modffied | 1.21E+00 | 1.75E-01 | 1.86E-01 | 3.42E-01 | 1.68E-01 | pCilg
16-03102-04 DO SEDIMENT 2016-03-164 03/6H6 13:35 | 3/21/2016 | 4M3/2016 | 16-03102 Lead214 [ANL ER130 Modified | 1.86E+00 | 2.42E-01 | 2.60E-01 | 3.36E-01 | 1.63E-01 | pCilg
16-03102-04 Do SEDIMENT 2016-03-16A 03116116 1335 | 3/21/2016 | 4/3/2016 | 16-03102 | Radium-226 [ANL ER-330 Modified | 1.70E+00 | 2.29E01 | 2.45E-01 | 1.01E-01 | 1.11E-01 | pCig
16-03102-04 Do SEDIMENT 2016-03-16A 03/16/16 13:35 3/2112016 | 4/13/2016 | 16-03102 Radium-228 LANL ER-130 Modified 1.30E+00 | 2.92E-01 | 3.00E-01 | 5.70E-01 | 2.68E-01 pCifg
16-03102-04 Do SEDIMENT 2016-03-16A 03/16/16 13:35 32412016 3 4132016 | 16-03102 Thorum-234 LANL ER-130 Modified 1 43E+00 | 1.67E+00 | 1.67E+00 | 2.24E+00 | 1.09E+00 pCifg
16-03102-04 no SEDIMENT 2016-03-16A 03/16/16 13:35 372112016 | 4/13/2046 | 16-03102 Thaliium-208 LANL ER-130 Modified 9.38E-01 | 2.158-01 | 2.20E-01 | 5.85B-02 | 2.13E-01 pCilg
16-03102-05 TRG SEDIMENT 2016-03-16B 03/16/16 13:55 3121/2016 | 4/13/2016 | 16-03102 Actinium-228 LANL ER-130 Modffied 1.08E+00 | 2.05E-0t | 2.12E-01 | 3.80E-01 | 1.76E-01 pCifg
16-03102-05 TRG SEDIMENT 2016-03-16B Q03/16/16 13:55 312172016 | 4/13/2016 | 16-03102 Bismuth-214 LANL ER-130 Modified 1.43E+00| 1.78E-01 | 1.87E-01 | 8.31E-02 | 1.18E-01 pCifg.
16.0310205 | TRG SEDIMENT 2016-03-168 CAETE T Es | 3/21/2016 | 4132016 | 16.03102 | Polassium-40 | LANL ER-130 Modified | 1.32E+01] 1.89E+00 2.00E+00 | 1.12E+00 S.04E-01] pCilg
16-03102-05 TRG SEDIMENT 2016-03-16B 03/16/16 13:55 3/21/2016 i 413/2016 | 18-03102 | Protactinium-231 LANL ER-130 Modified 1.15E+D0 | 1.64E+00 | 1.84E+00 | 2.82E+00 | 1.35E+00 pCifg
16.03102-05 TRG SEDIMENT 2016-03-16B 03/16/16 13:55 372112016 | 4/13/2016 | 16-03102 Lead-210 LANL ER-13¢ Modified 2 84E+00 | 1.491E+00 | 1.41E+00 | 2.22E+00 | 1,0BE+00 pCilg
16-03102-05 TRG SEDIMENT 2016-03-168 03/16/16 13:55 32112016 | 4/13/2016 | 16-03102 {ead-212 LANL ER-130 Modified 9.74E-01 | 1.43E-01 | 1.52E-01 i 2.47E-01 | 1.21E-01 pCila
16-03102-05 TRG SEDIMENT 2016-03-16B 0316116 13:55 3/24/2016 | 4/13/2016 | 16-03102 Lead-214 LANL ER-130 Modified 1.20E+00 | 1.50E-01 | 1.62E-01 | 2.4BE-01 | 1.19E-01 pCirg
16-03102-05 TRG SEDIMENT 2016-03-t6B 03/16/16 13:55 312172016 | 4M3/2016 | 16-03102 Radium-226 LANL ER-130 Modified 1.43E+00 | 1.78E-01{ 1.87E-01 | 8.31E-02 1.18E-01 pCilg
16-03102-05 TRG SEDIMENT 2016-03-16B 03/18/16 13:55 3/21/2016 | 4/13/2016 | 16-03102 Radium-228 LANL ER-130 Modified 1.08E+00 ] 2.05€-01 | 2.12E-01 | 3.80E-01; 1.76E-01 pCilg
16-02102.05 | TRG SEDIMENT 2016-03-168 G3TEIE 1555 | 312472016 | 4372016 | 16.03102 | Thodum-234 | LANL ER-130 Modified | 1.09E+00 | 1.46E+00 | 1.46E+00] 191E+00| 9.30E-01 |  pCilg
16-03102-05 TRG SEDIMENT 2016-03-16B 03/16/16 13:55 3/21/2016 | 4/13/2016 | 16-03102 Thalium-208 LANL. ER-130 Modified 7.01E-01 | 1.50E-01 | 1.54E-01 | 4.67E-02 | 1.91E-01 pCiig
16-03102-06 TRG SEDIMENT 2016-03-16B DUP 03/16/16 13:55 3/24/2018 | 4/13/2016 | 18-03102 Actinium-228 LANL ER-130 Modified 9.22E-01 | 243E-01 | 2.47E-01 1 5,07E-01 | 240E-01 pCifg
16-03102-06 TRG SEDIMENT 2016-03-16B DUP 0316116 13:55 32172016 | 4M3/2016 | 16-03102 Bismuth-214 LANL ER-130 Modified 1.32E+00 | 2.056-01 | 2.16E-01 | 2.42E-01 | 1.15E-01 pCifg
160310206 | TRG SEDIMENT 2016-03-168 DUP Sareie 1aEs 37212016 | 41132016 | 16-03102 | Pofassium-40 | LANL ER-130 Modified | 1.43E+01 | 1.91E+00: 205E+00 | 483E-0¢ | 178501 pCilg
16-03102.06 | TRG SEDIMENT 2016-03-168 DUP 3ene Tass T 3112016 | 41312016 | 16.03102 | Protactinium-231 | _LANL ER-130 Modified | 1.09E+00 | 2.06E+00 | 2.06E+00 | 3.14E+00 | 1.50E+00 | pCiig
160310206 | TRG SEDIMENT 2016-03-168 DUP 031616 1355 | 3/21/2016 | 413/2016 | 16-03102 Lead-210 ANL ER-130 Modiied | 1.59E+00 | 1.61E+00 | 1.61E+00| 2.68E+00 | 1.31E+00| pCifg
160310208 | TRG SEDIMENT 2016-03-168 DUP 031616 13:55 | 2/21/2016 | 4/13/2016 | 16-03102 Lead-212 U ANL ER-730 Modified | 1.09E+00 | 1.41E-01 | 1.51E-01 | 2.68E-D1 | 1.31E-01| pCilg
16-03102-08 TRG SEDIMENT 2018-03-168 DUP G3/16/16 13:55 32172016 | 4113/2016 | 16-03102 L ead-214 1.ANL ER-130 Modified 1.38E+00 | 1.68E-01 | 1.83E-01 | 2.48E-01 | 1.1 GE-01 pCilg
16.03102.06 | TRG SEDIMENT 2016-03-16B DUP DI16116 1355 | 3129/2016 | 413/2016 | 1603102 | Radium-226 AL BR-130 Modified | 1.32E+06 | 2.05E-01 | 2.16E-01 | 242601 | 1.15E-0% | pCilg
16-03102-06 TRG SEDIMENT 2016-03-16B DUP 03/16/16 13:55 3f21/2016 | 41132016 | 16-03102 Radium-228 LANL ER-130 Modified 9.22E-01 | 2.43E-07 | 2.47E-01 | 5.07E-01 2.40E-01 pGifg
16-03102-08 TRG SEDIMENT 2016-03-16B DUP 03/16116 13:55 3/21/2016 | 413/2016 | 16-03102 Thorium-234 LANL ER-4130 Modified 2.01E+00 | 1. 706400} 1.71E+00 | 2.83E+00 { 1.39E+00 pCig
16.03102:06 | TRG SEDIMENT 2016-03-168 DUP S3Toie 1555 T 3312016 | 413/2016 | 1603102 | Thalium 208 | LANL ER-130 Modified | 7.31E-01] 1.77E-01| 1.816-01] 4.72E:02 | 197801 ] _pCilg

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty {2-sigma); MDA=
CV=Critical Value

EBERLINE

SERVICES

EBERLINE ANALYTICAL CORPORATION

| 601 ScARBORO RoAD OAK RIDGE, TN 37830

B865/481-0683 Fax 865/4B3-L6ZI

Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original;
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Printed: 4/28/2016 8:58 AM Page3of 4
Report To: Woark Order Details:
Eberline Analytical Cecilia Greene spe:| 16-03102
. i Auxier & Associates, Inc. Purchase Order: WESTLAKE NCC
Final Report of Analysis 9821 Cogdill Road, Suite 1 Analysis Category: | ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: S0
"‘an sig‘ppe'e c';g“t S;’:&'e R;Z‘t’;p" A“[;’;‘t‘:'s sal'g:h Analyte Method Result | CU csy MDA cv RJ:;;‘
16-03102-02 MBL BLANK 03/22416 00.0C 3/21/2016 | 4/8/2C16 16-03102 Actinium-227 EML Th-01 Modified 1.15E-01 | 8.04E-02 | 8.16E-02 | 7.52E-02 | 1.19E-02 pCifg
18-03102-03 DUP SEDIMENT 20+16.03-16A 03/16/16 13:35 3/21/2016 ;| 4/6/2016 18-03102 Actinium-227 EML Th-01 Modified 3 11E-01 | 1.55E-01 | 1.60E-01 | 1.26E-01 i 3.57E-02 pCifg
16-03102-04 [s]e)] SEDIMENT 2016-03-16A 03/16/18 13:35 3r21/2016 4/8/2016 16-03102 Actinium-227 EML Th-01 Modified 4.95€-01 | 1.03E-01 | 1.05E-01 | 5.96E-02 | 5.80E-03 plig
16-03102-05 TRG SEDIMENT 2016-03-16B 031616 13:565 3/2112016 | 4/8/2016 16-03102 Actinium-227 EML Th-01 Madified 3. 03E-01 | 1.45E-01 | 1.50E-01 | 7,38E-02 | 6.85E-03 pCifg
16-03102-08 TRG SEDIMENT 2016-03-16B DUP 03/18/16 13:55 32112016 | 4/8/2016 16-03102 Actinium-227 EML Th-01 Modified 2 04E-01 | 1.26E-01 | 1.28E-01 { 1.26E-01 | 3.57E-02 pCilg
16-03102-01 18 KNOWN 0322416 00:Q0 3/21/2016 | 4/8/2016 16-03102 Thorum-228 EML Th-01 Medified 4.79E+00 1.72E-01 pCilg
16-03102-01 LCS SPIKE 03/22/18 00:00 3/21/2016 | 4/8/2016 18-03102 Thorium-228 EML Th-01 Modified 5.32E+001 8.03E-01 | 9.47E-01 | 7.41E-02 | 1.16E-02 pCifg
46-03102-02 MBL BLANK 03/22/16 00:00 32112016 4/8/2016 16-03102 Thetium-228 EML Th-01 Modified -1.48E-02 | 2.64E-02 | 2.65E-02 | 8.07E-02 | 1.56E-02 pCilg
16-03102-03 DUP SEDIMENT 2016-03-18A 03/16/16 13:35 3121/2016 | 4/8/2016 16-03102 Thorum-228 EML Th-C1 Maodified 1.06E+00 | 3,15E-01 | 3.30E-01 | 1.25E-01 | 3.52E-02 pCifg
16-03102-04 Do SEDIMENT 2016-03-16A 03/16/16 13:35 372112016 | 4/8/2016 16-03102 Thaorium-228 EML Th-01 Modified 6.77E-01 | 2.10E-01 | 2.20E-01 { 8.84E-02 | 1.96E-02 pCifg
16-03102-05 TRG SEDIMENT 2016-03-16B 03/16/16 13:55 312142016 | 4/8/2016 16-03102 Thorium-228 EML Th-01 Modified 1.08E+00 | 3.13E-01 | 3.295-01 § §88E-02 | 1.15E-02 pCifg
16-03102-06 TRG SEDIMENT 2018-03-16B DUP 03/16/16 13:55 3/21/2016 | 4/8/2018 16-03102 Thorum-228 EMI. Th-01 Modified B.18E-01 | 2.29E-04 | 2.36E-01 | 1.4BE-01 | 5.60E-02 pCily’
16-03102-01 LCS KNOWN 03/22{16 00:00 3/21/2016 | 4/8/2016 16-03102 Thetium-230 EML Th-01 Modified 5.34E4Q0 ] 1.44E-01 pCifg
16-03102-01 LCS SPIKE 03722116 00:00 372112016 | 4/8/2016 16-03102 Thorium-230 EML Th-01 Madified 6.13E+00 | 9.00E-01 | 1.18E+00 | 5.92E-02 ; 6.50E-02 pCifg
16-03102-02 MBL BLANK 03722116 00:00 372112016 | 4/8/2016 16-03102 Thorum-230 EML Th-01 Modified 1.65E-01 | 9.38E-02 | 9.60E-D2? | £.44E-02 | 6.61E-02 pCifg
16-03102-03 DUP SEDIMENT 2016-03-16A 03/16/18 13:35 312142016 | 47812016 16-03102 Thorium-230 EML Ti-01 Modified 8.36E+00 | 1.58E+00 | 1.89E+00] 9.66E-02 | 9.07E-02 pCifg
16-03102-C4 Do SEDIMENT 2018-03-16A 03/16/16 13:35 3/21/2016 | 4/8/2016 16-03102 Thorium-230 EML Th-01 Modified 6.08E+00 | 1.22E+00 ! 1.48E+00 | 6,86E-02 | 6.76E-02 pCilg
16-03102-05 TRG SEQIMENT 2016-03-16B 03/16/15 13:55 3{21/2016 | 4/8/2016 16-03102 Thorium-230 EML Th-01 Medified 4.53E+00 ! 9.21E-01 } 1,08E+00 | 8.49E-02 | 8.40E-02 pCifg
16-03102-06 TRG SEDIMENT 2016-03-16B DUP 03/16/16 13:56 3/21/2016 | 4/8/2016 16-03102 Thorium-230 EML Th-01 Modified 4.39E+00 } 9.09E-01 | 1.06EH)0 | 1.13E-0t [ 1.01E-01 pCilg
16-03102-01 LCS KNOWN 03/22/16 00:00 3f21/2016 | 4/8/2016 16-03102 Thorum-232 EML Th-01 Modified 4. 79E+00 | 1.72E-01 pCilg
16-03102-01 LCS SPIKE 03/22116 00:00 31212016 | 4/8/2016 16-03102 Thorium-232 EML Th-01 Modified 4.78E+00 | 7.37E-0% | 8.49E-01 | 5.91E-02 | 548E-03 pCifg
16-03102-G2 MBL BLANK 03/22/16 00:00 31212016 | 4/8/2018 16-03102 Thotium-232 EML. Th-01 Modified _A46E-03| 2 47E-02 | 2.47E-02 | 5.85E-02 | 5.41E-03 pCig
16-03102-03 DUP SEDIMENT 2016-03-18A 03/16/16 13:3% 32142016 | 4/8/2016 16-03102 Thorium-232 EML Th-01 Modified 1.09E+00 | 3.14E-01  3.29E-01 | 9.18E-02 | 1.58E-03 pCig
16-03102-04 oo SEDIMENT 2016-03-16A 03/16/M16 13:35 312112016 ¢ 4/8/2016 18-03102 Thorium-232 EML Th-01 Modified 8.19E-01 | 2.33E-01 | 2.44E-01 | 6.37E-02 | 7.42E-03 pCilg
16-03102-05 TRG SEDIMENT 2016-03-16B 03/16M6 13:55 372112016 | 4/8/2016 16-03102 Thefium-232 EML Th-01 Modified 7.36E-01 ; 2.42E-01 | 2.51E-01 | 9.01E-02 1.55E-03 pCifg
16-03102-06 TRG SEDIMENT 2016-03-16B DUP 03/16/16 13:55 372172016 | 4/8/2016 16-03102 Thorum-232 EML Th-01 Modified 8.41E-01 | 2.60E-01 | 2.79E-01 | i.19E-01 | 3.28E-02 pCifg

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma);MDA=Minimal Detected Activity;LCS=Laboratory Control Sample; MBE=|
CV=Criticat Value

EBERL.INE

EBERLINE ANALYTICAL CORPORATION

SERVICES

| 601 ScarBORO RoAD OAK RIDGE, TN 37830

865/481-0683 FaAx 865/483-4L62I

Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Qriginal;




Printed: 4/28/20116 8:58 AM Page 4 of 4
) Report To: Work Order Details:
Eberline Analytical Cecllia Greene spe:i  16-03102
i . Auxier & Associates, Inc. Purchase Order: WESTLAKE NCC
Final Report of Analysis 9821 Cogdill Road, Suite 1 Analysis Category: | ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: | S0
ngb S:ympp‘:e cl;g"t S;r::;le Rgc::;pt A'E;{:[s Bi:g: h Analyte Method Result cuy csuy MDA cv R‘;?i::t
16-03102-01 LCS KNOWN 03/22(16 G000 | 3/21/2016 | 4/11/2016 | 16-03102 | Uranium-234 EML U-02 Modifisd | 7.31E+00 | 2.63E-01 pCifg
16-03102-01 LCS SPIKE 03/22(16 00:00 | 3/21/2016 | 4/11/2016 | 16-08102 | Uranium-234 EML U-02 Modified | 6.27E+00 | 9.07E-01 | +.01E+00 | 8.21E-02 | 318202 pCilg
16-03102-02 | MBL BLANK 0312216 00:00 | 3/21/2016 | 4M1/2016 | 1603102 | Urenium-234 EML U-02 Modified 1.01E-01 | 8.04E-02 | B.OBE-02 | 8.61E-02 | 212602 | pCifg
16-03102-03 | DUP SEDIMENT 2016-03-16A 031616 13:35 | 3(21/2016 | 4/11/2016 | 1603102 | Uranium-234 EML U-02 Modifled | 1.17E+00 | 3.15E-01 | 3.26E-01 | 1.03E-01 | 2.54E-02 | pCiig
16-03102-04 DO SEDIMENT 2016-03-16A 03116116 13:35 | 3/21/2016 | 4/11/2016 | 16-03102 | Uranium-234 EML U-02 Modified 9.4BE-01 | 2.56E01 | 2.84E-01 | B.19E-02 | 3.14E-02 | pCilg
16-03102-05 | TRG SEDIMENT 2016-03-168 03/16M6 13:55 | 3/21/2016 | 4/11/2016 | 16-03102 | Uranium-234 EML U-02 Modified 9.34E-01 | 266E-01 | 2.74E-01 | 1.05E-01 | 423E-02 | pClg
16-03102-06 | TRG SEDIMENT 2016-03-168 DUP 031616 13:55 | 3/24/2016 | 4/11/2016 | 16-03102 | Uranium-234 EML U-02 Modified 9.29E-01 | 2.78E-01 | 2.86E-01 | 1.34E-01 | 6.03E-02 | pCilg
16-03102-01 LCS SPIKE 03/22/16 00:00 | 3/21/2016 | 4M11/2046 | 16-03102 | Uranium-235 EML U-02 Modified 513E-0% | 1.04E-01 | 1.97E-01 | 9.54E-02 | 1.14E-02 | pCilg
16-03102-02 | MBL BLANK 03/22/16 00:00 | 3/21/2016 | 4/11/2096 | 16-03102 | Uranium-235 EML U-02 Modified 3.54E-0z | 6.03E-02 | 6.03E-02 | 1.08E-01 ] 2.21E-03 | pCig
16-03102:03 | DUP SEDIMENT 2016-03-16A 03/16/16 13:35 | 3/21/2016 | 411142016 | 16-03162 | Uranium-235 EML U-02 Modified +.27E:01 | 119601 | 1.11E-01 | 1.27E-01 | 2.65E-03 | pCilg
16-03102-04 Do SEDIMENT 2016-03-16A 031616 13:35 | 3/21/2016 | 4/11/2016 | 16-03102 | Uranium-235 EML U-02 Modified 953E02 | 8.75E-02 | 878E-02 | 1.018-01 | 1.21E-02 | pCilg
16-03102-05 | TRG SEDIMENT 2016-03-16B 03/16/16 13:56 | 3/21/2016 | 4/11/2016 | 1603102 | Uranium-235 EML U-02 Modified 1.14E:01 | 9.53E-02 | 9.56E-02 | 6.18E-02 | 5.14E-03 | pCilg
16-03102-06 | TRG SEDIMENT 2016-03-16B DUP 0311616 13:55 | 3/21/2016 | 4/11/2016 | 16-03102 | Uranium-235 EML U-02 Modified 1.55E-01 | 1.20E-01 | 1.21E-01 | 1.20E-01 | 1.43E-02| pCilg
16-03102-01 LCS KNOWN 03/22(16 CO:00 | 3/21/206 | 4M1/2016 | 16-03902 | Uranium-238 EML U-02 Modified | 7.08E+00 | 2.55E-01 pGifg
16-03102-01 LCS SPIKE 03/22116 00:00 | 3/21/2016 | 4/11/2016 | 16-03102 | Uranium-238 EML U-02 Modified | 6.17E+00 | 8.95E-01 | 9.986-01 | 7.70E-02 | 1.50E02 | pGilg
16-03102-02 | MBL BLANK 03/22116 CO:00 | 3/21/2016 | 4/11/2016 | 16-03102 { Uranium-238 EML U-02 Medified 6.66E-02 | 6.35E-02 | 6.37E-02 | 6:84E-02 | 1.09E-02 | pCilg
16-0310203 | DUP SEDIMENT 2016-03-16A 0311616 13:35 | 3/21/2016 | 4/11/2016 | 1603102 | Uranium-238 EML U-02 Medified 9.04E-01 | 271E-0% | 2.79E-01 | 1.13E-01 | 2.76E-02 | pCilg
16-03102-04 DO SEDIMENT 2016-03-16A 03/16/16 13:35 | 3/21/2016 | 4111/2016 | 16-03102 | Uranium-238 EML U-02 Medified 1.41E+00| 2.79E-01 | 2.90E-01 | 6.03E-02 | 8.56E-03 | pCilg
16-03102-05 | TRG SEDIMENT 2016-03-168 02/16M6 13:56 | 3/21/2016 | 411/2016 | 16-03102 | Uranium-238 EML U-02 Modified 9.06E-01 | 2.75E-01 | 2.84E-01 | 9.48E-02 | 8,65E-03 | pCilg
16-03102-06 | TRG SEDIMENT 2046-03-168 DUP 03616 13:55 | 3/21/2016 | 4/11/2016 | 16-03102 | Uranium-238 EML 1J-02 Modified 6.80E-01 | 229601 | 2.34E-01 | 8.19E-02 | 1.30E-02 | pCig

CU=Counting Uncertainty;CStJ=Combined Standard Uncertainty (2-sigma);MDA=Minimat Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original;
CV=Critical Value

EBERLINE ANALYTICAL CORPORATION

SERVICES

60! Scaresoro Roap OAK RIDGE, TN 37830

865/481-0683 Fax 865/483~462I
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QA/QC REVIEWED |CERTIFICATE OF CALIBRATION

e 1116l s 57| ALPHA STANDARD SOLUTION

150 7T QP E
P ROD U CT s BuaBank, CALIFOoRNIA 01504

CLABORATORIES 818 -R43+7000 Fax 8188436168

Radionuclide; U-238NAT Customer: TMA EBERLINE
Half Life: {4.468 1+ 0.005) x 1079 years P.0.No.: OR2778
Catzlog No.: 7338 Reference Date: January 1 1993 12:06 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 uCi
Contained Radioactivity: (Total U) 297 kBq

Description of Solution

a. Masgs of solution: 65.2806 g in a 50 ml flame sealed ampoule .

b. Chemical form: : Uranyl Nitrate in H20

¢. Carrier content: None

d. Density: Approximately 1.3202 . giml @& 20°C.
Radioimpurities Refer to attached technical data shy
Radicactive Danghters

Refer to attached technical data shest

Radiomuclide Concentration

(Total Uy 0,1228 . aCilg.
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measorement

a. Systematic uncertainty in instrament calibration: +3.0%

b. Random uncertfainty in assay: +0.0%

¢. Random uncertainty in weighing(s): +2.0%

d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s)

See reverse side for Leak Test(s) applied to this source.
Notes |

1. Nuclear data were taken from "Table of Radiosetive Isclopes”, edited by Virginia 8. Shirley, 1986.
2. IPL. participates in sn NIST meesurement assurance program lo establish and maintain irplicit traceability for a fumber of nuchides,
based on the blind assay (and Iater NIST cenification) of Standuré Reference Materials (As in NRC Regulatory Guide 4.15).

‘
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22 Dezembid 1224
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ISOTOPE PRODUCTS LABORATORIES
3017 N. San FErRNANDO Brvp.




QUALITY CONTROL PROGRAM
MP-009

Rev.8; 11/01/03
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS.
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE
SOLUTION #

SOLUTION REFERENCE #|1P1: 479:50

Pnncr ‘al Radlonucllde Half Life, Years

Radionuclide
Certified Activity £
Certified Concentration}:.

Ampoule /Solution Gross|: 6400 Weight, Grams
Empty Ampoulie 0201 Weight, Grams
Solution Net|' . 65 1380 |Weight, Grams

Total Activity in Ampoule[ . .8.0160{uCi.

I Composition of Standard Solution

Difution Instructions: Dilution Soivent Used

I miHiiters

Certified Total Activity of| " - 8.016(

Which Equals |-~ .. 1:780E+07|dpm at the date listed above

L C . L L This activity concentration is based on the original
And after dilution the activity of this solution is| ‘1.77955E+04| dpm/mieference date listed above. All activities are corrected

to the date and ime of analysis by the laboratory data
processing software.

Expiration Date:[ " July 27, 2016 |

Verified & Approved By (mﬁ ! Date: 10/1/2015 0,00

QC Approval 6\“’;{14@ u&_f;’/ Date: /o / t ]/ {

4
W
Ry
g

13



: %mﬂuug QUALITY CONTROL PROGRAM

Rev.B; 11/01/03
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION :

MP-009 - Datel -
Solution Reference #HP1:479:50: : Solution #|

Pnncu al Radlonuchde Half Life, Years Hailf L:fe Days
[ 16322

Radionuclide of Interest'-;
Parent Solution Conc. |-

Reference Datel! 1985:0:60|

Dilution Instructions: Dilution Solvent Used

SECONDARY YOLUMETRIC DILUTION

Vol. Parent Solution: : 0000 ml
Total Activity: | 4|dpm Final Activity Concentration:| =" - 71182E+01 |dpm/ml
Final Volume: | 0B ml

This activity concentration is based on the original
reference date listed above. All activities are
corrected to the date and time of analysis by the
iaboratory data processing software.

NOTES:

Isotepic Distribution as:

U 238 Atom % = 48.2390  1U-238 = 71.182 dpm/fmi X 0.48249 = 34.345 dpm/mil
U-235 Atom % = 2,25 U-235 = 71,182 dpmémi X 0.0225 = 1:502 dpm/ml
U-234 Atorn % = 49,501  4-238 = 71.182 dpm/mi X 049501 = 35,236 dpm/ml
Al values +- 3.8%

Expiration Date:[” July 27, 2016 |
Isotopic ratios from manufacturer's data sheet

TN

Verified & Approved By — Date: 10712015 0:00

.
QC Approval W> " Date; /@]/ ,j / (<

\




RECORD COPY

Product Description & Measurement Certificate

Principal radionuclide:  wranium 232 (U-232)  Product code: UDP10050

Description
Daughter Nuclide: Th-228 Batch Number: 92/232/67
Measurement ~ Reference date: €1 March 2000
Radioactive concentration U-232 6.739E+03 becquerels per gram of solution
which is equivalent to 1.821E-01 microcuries per gram of solution
Miass of soh.on £.352 Pyt
Volume of solution 5.035 millilitres
Total activity of U-232 3.61E+04 becquerels
which is equivalent to 9.76E-01 microcuries
Method of measurement (see reverse of this certificate)
Accuracy Random uncertainty is: + 0.7% Systematic uncertainty: + 0.5%
Overall uncertainty in the radicactive concentration quoted above: +1.7%
Overall uncertainty is defined on the reverse of this certificate.
Radionuclidic  Any radioactive impurities measured are listed below, expressed as percentages
Purity of the activity of the principle radionuclide at the referencs date .
Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00
Isotopic The isotopic composition, expressed as atom per cent at the reference date .
Purity
Not measured
Chemical Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial.
Composition This Tracer solution has been produced 'carrier free'.
Physical Recommended half life of uraniom 232: 6.980E+01 years
Data Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%
Branching ratio for alpha emission: 106%
Calculated spetific activity of uranium 232: 8,167E+05 Bq per microgram U-232,
Remarks For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer
solution please read the instructions accompanying the package.
AFA Technology operates & quality management system which has been independently audited and
approved to ISO 5061,
Approved Q WM
Wf\ Project Ref, AE2315

Signatory

Roger Wiltshire

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Techuology, QSA.

AEA Technology is the trading name of AEA Technology ple

a ﬁmﬁ‘:&ﬁ?‘”
BT S e s et
- i TR TR R mar

Trikeert.wps 10/03/00




QUALITY CONTROL. PROGRAM
@ EBERLINE MP-009

SERVIGES

Rev.8; 11/01/03
THle: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009 '

CURRENT DATE| -
7 SOLUTION #1:

10R27/2015:0:00

SOLUTION REFERENCE #|AEA!Amersharn 92/232/67

Principal Radionuclide Ha!f Llfe, Days

[k 2.630E+04)]

Reference Date:

Radionuclide|
Certified Activity
Certified Concentration

JuCi per gram

Ampoule /Solution Gross|;
Empty Ampoulej;

Solution Net;:

Total Activity in Ampoule|:

Weight, Grams
Weight, Grams
{{Weight, Grams
= 0:8760{nCi

Chemical Composition of Standard Sclution
o
[EUNDs

Dilution instructions: Dilution Solvent Used

Dilute to a volume ofl:

Certified Total Activity of] .. 0.9;

Which Equals |- 2.167E+06]/dpm at the date listed above

This activity concentration is based on the origina
And after dilution the activity of this solution Is|. 2:167E+03{dpm/ml  reference date listed above. Al activities are comected

to the date and time of analysis by the eboratory data
processing software.

Expiration Date: |- : October 26,2016 :|

Verified & Approved By ‘\" Date: 10/27/2015 0:00

QC Approval ﬁ;&% Date: /7/9,53% S




MP-009

@g% LINE QUALITY CONTROL PROGRAM

SERVICES

Rev.8; 11/01/03
Tile: Radioactive Reference Standards Solufions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date| -~
Solution Reference #]AEA/ATersham 92/232/67 Solution & =10as

Principal Radionuclide Half Life, Years Days
=307 L .2.630E+04]

Reference Date

Radionuclide of Interes
Parent Solution Conc. |5 2,167

Chgmical Compqsition of Standard Solution
FA0lN0a )5 In 2MHNO '

Dilution Instructions: Diution Solvent Used

SECONDARY VOLUMETRIC DILUTION -

2jml
dpm Final Activity Concentration:[ - " 2. 1670E+01 |dpm/m}
mi

Vol, Parent Solution:{
Total Activity:
Final Volume:

This activity conceniration is based on the original
reference date listed above, Al activities are

NOTES: corrected to the date and time of analysis by the
laberatory data processing software.

Expiration Date:} October 28, 2016 1

‘\ ‘ Date:  10/27/2015 0:00

Verified & Approved By~ :
= : < f
QC Approval ' Date: /&/ (=4 E’/I <
[ {
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aA/uc REV!EW |

LPHA STANDARD SOLUTION®®" 1V,
- 1A oehine
pate JC, itials__ %%% 5%}@%@1@%
- :
Radionuclide Th-230 Customer: TMA EBE ?ﬁ@;@%
© Half Lifer  (7.54 + 0.03) x 104 years P.O.No.: TT4944 %ﬁ&f&
Catalog No.; 7230 Refercnce Date: November 1 1991 12:00 PST.
Source No.:’ 388-116 Contained Radicactivity: 1.036 4CL
Description of Solution .
a, Mass of solution: 5.0042
b. Chemical form: TR(NO3)M in 0.1N HNO3 =
¢. Carrier content: Noze added
d. Density: 1.0016 gramiml @ 20°C.
Radioimpurities
See attached technical data sheet
Radieactive Daughters
: See attached techmical data sheet
Radionncltide Concentration
0.207 pCugram.

Method of Calibration

“ERTIFICATE OF CALIBRATIO}

Weighed aliquots of the solution were assayed using a liquid scinfillation counter.

Uncertainty of Measurement
a. Systematic uncertaisty in instrurent catibration:
b. Random uncertainty in assay:
¢. Rapdom oncertainty in weighing(s):
d. Total uncertainty at the 99% conﬁdence level:

NIST Traceability

This calibration is implicitly traccable to the National Institute of Stapdards and Technology

Notes

1. Nuclear data were taken from "Table of Isotopes”, Seventh Edition, edited by Virginia S. Shidey.
"2. IPL participates in an NIST measurement assurance program (o establish and maintain implicit
traceability for a number of nuclides, based on the blind assay(and later NIST certification) of

+2.0%

+0.5%
+0.2%
+2.7%

Standard Referemce Malerials. (As in NRC Regulatory Guide 4.15)

ISOTOPE PRODUCTS LABORATORIES
1860 No. Keystone Street.,

Burbank, California 91504

(818) 843 - 7080




QUALITY CONTROL PROGRAM
MP-00%

%EE_E__. INE
SERVICES

Rev.14; 10/10/2012
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE L ABORATORY
RADIOACTIVE REFERENCE SQOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE}:

SOLUTION REFERENCE #[1PL 388°77¢6.

i

SOLUTION #{.

Principal Radionuclide Halif Life, Years

+04:

Radionuclide|

Reference Date| -

(| Weight, Grams

|Weight, Grams

Certified Activity[: 0]uci
Certified Concentration|: pCi per gram
Ampeoule /Solution Gross
Empty Ampoule
Solution Net

2{Weight, Grams

Total Activity in Amipouie

1 Ci

Chemical Composition of Standard Solution

Dilution Instructions:

Dilute to a volume of Imilliliters

Certified Total Activity of

v 360 i Which Equais

And after dilution the activity of this solution is|.2.300E+03

Recertified By \\-

Dilution Solvent Used

01

.2 300E+06|dpm at the date listed above

r
dpm/mi

This activity concentration is based on the original
reference date listed above. All activities are corrected
o the date and time of analysis by the laborafory data
processing software.

Expiration Date:| “Febriary 8, 2017 *|

Date: 3/5/2016 0:00

| 5 i
QC Approval gjﬁlﬁ = w@‘l—s/(

Date: ,SA’ O// 2]
[/




EBERLINE MP-0D9

SERYVICES

% QUALITY CONTROL PROGRAM

Rev.}4; 10/10/2012
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date 3/512016 0:00
Solution Reference #[IPL 388-176 ... - | Solution #|..~. - ~Th4b "~ ~

Pr:ncu al Radmnuchde Half Life, Years Haif Life, Rays
§ “540E+04 [T 2754E+407]

Radionuclide of Interest| - ®*Thorium Reference Date] = 11/1/1291-0;00|
Parent Sokution Cone.{~ 2.30E+03- |dpm/ml

Chem;cal Composition of Standard Solutlon
P TONOa) In OANHNG, 7 i o )

Dilution Instructions: Dilution Solvent Used !0.’_'1N HNOj i o 2000 ]

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:|- - 10:0000jmi
Total Activity:{ 2.299SE+04{dpm Final Activity Concentration:|-_ 2.2098E+01 | dprm/ml
Final Volume: | .. - 1000.00]mk

This activity concentration is based on the originai
. reference date listed above. Al activities are
NOTES: corrected fo the date and time of analysis by the
laboratory data processing software.

Expiration Date:l February 8, 2017 |

Recedified By Date: 3/5/2016 0:00

QC Approval ﬂm@m@ Date: 5// ?/ =)




CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 Customer: TMA EBERLINE

Half Life:  (1.405+ 0.006) x 10" 10 years. ~ P.O.No.: VH1632 .
Catalog No.: - 7232 _ Reference Date: November 1 1993 12:00 PST.
Source No.: 435-104-2 Contained Radioactivity:  (Th-232) 0.0933 Bl
: - Contained Radioactivity:  (Th-232) 3.45 ¥Bg.

Déscription of Solution ‘ : ' ‘ S

a. Mass of solution: 11,9712 g (in a 10 m! flame sealed ampoule)

b. Chemical form: . - Th(NO3) in water ’

c. Carrier content: _ .. Nooe added

d. Depsity: . ' Approx, 1,21 , &/ml @ 20°C.
Radioimpurities ~ o : None detected (other than daughters). '
Radioactive Daoghters

Ra-228, Ac-228, Th-228, Ra-224, Ru-220, Po—215, Pb-212, Bi-212, Po-212, T1-208 .

Radionuclide Concentration ‘ .
(Th-232) 0.00779 | - uCilg.

Method of Calibration
Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in insfrument calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertzinty in weighing(s): o +2.0%

d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability .

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s) '

See reverse side for Leak Test(s) applied to this source.
Notes o

L. Nucleer data were isken from *Table 6f Radioactive Isotopes”, cdited by Virginia S. Shiricy, 1986.
2. TPL participates in an NIST measuremenl assurance program 10 estal
based on the biind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.13).

blish and maintain implicit traceability for & number of nuchdes,

QUALITY CONTROL

Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000




B | QUALITY CONTROL PROGRAM
EBERLINE ' MP-008

SERVICES

Rev.8; 1110103
Tile: Radioactive Reference Standards Soluticns & Records

EBERLINE SERVICES - DAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

‘MP 009
. CURRENT DATE| - 8/29/2015 0:00
SOLUTION REFERENCE #[IPL:435:104-2 "~ SOLUTION #] % “Th-8": :
Half Life, Years Half Life, Days
T 4DBEA0 [ s 30 D
Radionuclide] - Reference Date| - ... .11/1/1993 0:00]
Certified Activity| uCi

Certified Concentration|

~pCi per gram

Ampoule /Sclution Gross| .
Empty Ampoule}”

Solution Net|-"17.

Total Activity in Ampoule| ~0.0933

.8415|Weight, Grams

2061 Weight, Grams
Weighi, Grams
pCi

Chemical Composition of Standard Solution
[Th(NOs),in H20. 2.~

Dilution Instructions:

Ditution Solvent Used [1% Nitic Agid o

Dilute to a volume of] “-4000.00 "7

milliliters

Certified Total Activity of

. D.0833|uCi Which Equals L. 2:071E+05]dpm at the date [isted above

. - . i This activity concentration is based on the original
And after dilution the activity of this solution is .2.0?1.E&02 dpmiml | oo date listed zbove. All activities are corrected

o the date and time of analysis by the laboraiory data
progessing software,

Expiration Date:|{ “Augiist 25,2016 |

Verified & Approved By

Date: £29/2015 0:00
ra v --.\;._...—-—-"“_‘ Zg -3
<2AsN\ pate:__UBofiS

=/ [

QC Approval
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QUALlTY CONTROL PROGRAM

MP-209

Rev.B; 110/03
Titte: Radicactive Reference Standards Solufions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 ' Date| - 9/29/20150 0
Solution Reference #|IPL'435.104-2.: 00 L 5 Solution #[ = 8D o

Pn‘nci al Radionuclide Half Llfe,rYears Half Life, Day;
{408 [ s132E+12]

Radionuclide of Inferest| #2855
Parent Soijution Conc.

Reference Date| "1 1171/1993 Di00|

Chemical Composmon of Standard Solutlon
[Th{NOg). in 1% ANO; =

Dilution instructions: Dilution Seivent Used (19 NiticAGid T e i T

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: | -2 :"500:0000}m!

Total Activity:{ 1.0355E+05|dpm Final Activity Concentration:[ -~ - 1.0355E+02|dpmimi

Final Volume: | .-4000.00 ml

This activity concentration is based on the original
NOTES: reference date listed above, All activities are
) comected to the date and time of apalysis by ths
laboratory data processing software,

Exp‘fration Date:] August2b, 2016 |

QC Approvat /}\\}\M Date: Of/ 3 if;/ )

&
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|
@ |sotope Products
o Laboratories

An Eckert & Ziegler Company

24937 Avenue Tibbitts
Valencia, California 91355

Tel 661+309-1010
Fax 661+257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

7h-18

Radionuclide: Th-229 Customer: EBERLINE SERVICES

Half-life: 7340 & 160 years P.0. No.: DO009E33

Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST

Source No.: 867-54 Contained Radioaefivity: 1.013 pCi 37.48 kBq
(Th-229 only)

Physical Description:

5.0147 g in 5 mL flame-sealed ampoule
Th{NOy), in 0.1M HNO,4

10ug ThimL
1.0016 g/mL @ 20°C.

A. Mass of solufion:
B. Chemical form:

C. Carrier content;
D. Density:

Radioimpurities:
None detected (daughters in equilibrium)

Radionuclide Concentration: 0.2020 uCiyg, 7474 kBqfg

Method of Calibration:

Thig source was prepared from a weighed aliquet of solution whaose activity in uCifg was determined
using gamma ray spectrometry. '
Peak energy used for integration:
Branching ratio used:

193.5 keV
0.0441 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: t 07%
B. Type B (systematic) uncertainty: + 3.0%
C. Uncertainty in aliquot weighing: x 00%
D. Total uncertainty at the 99% confidence level: * 31%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in & NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay {and later NIST. certification) of Standard Reference
Materials {As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This solution has a working life of & years.

9- Jan-02-

Ao Ut b
Date Signed

¥ Quality Control

IPL Ref. No.: 867-54

ISGQ 2001 CERTIFIED

Industrial Gauging Laberatory

Medical Imaging Laboratory
1800 North Keystone Street  Burbank, California 91504

24937 Avenue Tibbitts  Valencia, California 91355



B : QUALITY CONTROL PROGRAM
& EBERLINE '’ MP-009

Rev.8; 1/10/03
Tide: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
MP 009

CURRENT DATE[ - -
7] SOLUTION #{

SOLUTION REFERENCE #[iPi 8t

Principal Radionuclide Half Llfe Days

[ 2 BB1E+06) |

Radionuclide
Certified Activity
/Gertified Concentration

Reference Date 662.0:00)

Gl
1uCi per gram

2|Weight, Grams
91 Weight, Grams
{Weight, Grams
pCi

Ampoule /Solution Gross
Empty Ampoulel:

Solution Net -

Total Activity in Ampoule| ~

Chemical Composition of Standard Solution

Dilution Instructions: Dilution Solvent Used

Dilute to a volume of|:

Certified Total Activity of] - 1.

Which Eguals | © “2,249E+06|dpm at the date listed above

- This activity concentration is based on the original

And after difution the activity of this solution is| 2.249E+03|dpm/m|  reference date listed above, All activities are corrected
to the date and Hme of apalysis by the laboratory datz
progessing sofiware,

Explration Date:{ “August 24, 2016 -]

Verified & Approved By \"l& Date: 9/28/2015 0:00

QC Approval Date: ‘ Qj 30/ )




&5
© EBERLINE QUALITY C(h?yg;?()l. PROGRAM
(= ERYICES

Rev. T 9129!99
Tile: Radicactive Reference smndards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-D038 Date| -
Solution Reference #[IPLEBET:5 3 Solution # ‘
Principal Radionucllde ‘Half Life Years Ha!f ere, Days

[ 2 sa1E+D8]

Radionuclide of Interest
Parent Solution Conc.

Reference Date|

Dilution Instructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 00 m! _
Total Activity: | dpm Final Activity Concentration:| - 2.2400E+01{dpm/mi
Final Volume:|. 30:00ml ’

This activity conceniration is based on the original
referance dafe listed above, Al aclivities are
sornecied to the date 2nd time of analysis by the
laboratory data processing soffware.

NOTES:

Expiration Date:} August 24, 2016 |

C:M—_[N
Verified & Approved By Date: 9/29/2015 0:00
QC Approval ém . Date: Q!3Gl)li§
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--- A3y SOOWI0Z YNY

1380 Seaboard Industrial Blvd.
Atlanta, Georgla 30318

Tei 404-352:-8677

Fax 404-352-2837

@ Eckert&Ziegler

Analyﬁcs www.analyticsing.com
CERTIFICATE OF CALIBRATION
standard Radionuclide Source G’ AS- | '-\LDQ\
98803
Sand in 18 Ounce PP Taral Jar Filled to Capacity
Customey: Eberline Analytical Corporation

?.0. No.: OR-1405030, Item & Product Code: 8401.EG-38N
Reference Date: 01-0Oct-2014 12:00 PM EST Crams of Master Source! 0.017608

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from sohttions calibrated by
gamma-ray spectrometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germanium gamma spectrometer system. At the time of calibration no interfering gamrma-
ray emiiting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines
are given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measwrements Assurance Prograrm as described in USNRC Regulatory Guide 4.15,
Revision 2, July 2007, and compliance with ANSI N42.22-1098, "Traceability of Radioactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, MclLean,
VA 22101, '

Master Uncertainty® , %
Camma-Ray  Hall-Life, Source® This Source Type Calibration
Nuclide Energy (keV) Days yps/grarm YPS Uusp, U U Method*
Bm-241 58.8 1.580E+08 2.030E+03 0.1 18 38 4n I8
Cd-109 88.0 4.614E+02 1.883E+05  2.829E+03 058 20 41 HPGe
Co-BY 122.1 2.117TE+02 8.913E+04  1.B69E+03 04 171 35 HFGe
Ce-138 165,89 1.376E+02 1.241E+05 2.185E+03 04 17T 358 HPCe
Hg-203 n79.2 4.659E+01 2.678E+05 4. 710E+03 03 11T 38 HPGe
5n-113 391.7 1.151E+02 1.796E+08  3.163E+03 04 19 38 HPCe
Cs-137 6681.7 1.099E+04 1.111E+05  1,956E+(03 0.7 198 4.0 HPGe
¥-88 898.0 1.066E+02 4,223E+05 T.435E+03 07 17 3.1 HPGe
Co-60. 1173.2 1,825E+03 2.081E+05  3.683E+03 0.7 18 3.9 HPGe
Co-60 1332.5 1.925E+03 2.094E+08  3.687E+03 0.7 L8 3¢9 HPGe
Y-85 1836.1 1.066E-+02 4 4TIE+05  7.B72E+03 07 1.7 3% HPGe

* Master Source refers to Analytics' 8-isotope mixture which is calibrated cuarterly.

Calibration Metheds: 471 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectremeter, 1G -

lonization Charmber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results.”
{Certificate continued on reverse side)
C

g %

=1 2

4 /&

MGS Certificate Rev 7, 11 September 2014 N F Page 1 of2
Corporate Office Laboratory

24537 Avenue Tibbitts  Valencia, California 91355 1380 Seaboard Industrial Blvd. Atlanta, Georgia, 30318
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SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY




Eberline Analytical
Analysis Control Chart

Printed: 4M1/2016 2:53 PM
Page 1 of 2

WO

©16-03102

Analysis

Run

Activity Units

Aligquat Units

Client Name

UUISO

pCi

g

Auxier & Associates, Inc.

Laboratory Control Sample

LCS CsU LCS Uncert. Known Standard Standard Standard Standard

Analyte Measured Measured Expected Expected Knawn Emor Resuit csu D ACT (dpm) Error Added (g}

U-234 85.77% 16.14% 100.00% 3.60% 7.31E+00 | 2.63E-01 | B.27E+00 | 1.01E+00 U-8a 3.20E+01 | 3.60E+0D0 | 5.07E-01

U-238 87.23% 16.17% 100.00% 3.60% 7.08E+00 | 2.55E-01 | G6.17E+QQ | 9.98E-01 U-8a 3.10E+01 | 3.60E+00 | 5.07E-01

Matrix Spike
Anal Normalized MS Actual Expected Expected Actual Actual Sample Sample Sample Standard Standard Standard Standard
nalyts Difference % Rec MS Result | MS Uncert MS Resuit Ms CSU Result cst Afiguot D ACT (dpm) Error % Added (g)
Replicate Sample QC Summary
Normatized - Original Original Replicate Replicate LCS Relative ° N

Anatyte P RPD igina gl oplicar i e LCS %R MS%R MSND Rep RPD Rep ND
U-234 1.03 20.85 9.48E-01 2.64E-01 | 1.17E+Q0 | 3.26E-01 0.86 OK OK OK
U-238 1.01 20.51 1.1ME+00 | 2.90E-01 9.04E-01 2.79E-1